Polymeric blends of Poly (p-anisidine) with ZnO nanoparticles was prepared by chemical oxidative polymerization. Zinc oxide doped PPA polymer nanocomposite (ZPPA) and Magnesium doped Zinc oxide PPA polymer nanocomposites (MZPPA) are synthesized with the addition of semiconductor metal oxide to the polymeric solution. The X-ray diffraction studies of ZnO nanoparticles shows hexagonal wurzite structure. The surface morphological study also confirms the formation of hexagonal structured nanoparticles. The peak for Magnesium and Zinc in EDS spectra confirms the formation of Magnesium doped polymer nanocomposite. The addition of ZnO/MgZnO onto PPA conducting polymer shows agglomeration of semiconductor material results in spherical shaped polymer nanocomposite and irregular overlapping over the PPA polymeric surface. The electrochemical conductivity studies suggested that the doped PPA conducting polymeric blends showed enhanced conductivity nature.
Introduction
Conducting polymers play a significant role in the field of material science and technology. The presence of polyconjugated structure in the conducting polymers play an important role in determining the electrical property which are unique from other conventional polymers. There are several studies to obtain conducting polymer based composites and semiconductor doped polymers with improved properties 1 . Due to their excellent electrical, chemical and electrochemical properties, conducting polymers with desired properties can be synthesized for specific technological applications 2, 3 . Some of the important advantages of conducting polymers were ease of preparation, better conductivity and desired surface area which have enormous applications in electrochemical field 4 . In this present technological era, emerging materials like polymers having desirable properties find a wide range of applications in growing technology. The chemical and physical property of polymer can be improved by doping with nanoparticles and fillers to provide better performance than pure polymers 5 . Materials with unique properties like environmental stability, suitable mechanical property, low cost, and lightweight will meet the demand of upcoming advancements in technology. In recent years, researchers have been focussed on synthesizing nanomaterials by reducing the size of the ordinary materials which exhibits novel optical and electrical properties. Among various nanostructured metal oxides, ZnO received more attention by the researchers due to its versatile applications 6 . Various transition metals can also be doped with ZnO to make some desirable property changes in the zinc metal oxide matrices [7] [8] [9] [10] . Innumerable attempts were made to dope these nanostructured inorganic metal oxides into organic conducting polymers to change the conductivity of polymeric backbone. This type of doping material into the polymer matrix improves the property of conducting polymers 11 . The property of new hybrid material is influenced by both organic polymer and inorganic nanostructured metal oxide 12 .
Generally, the presence of conjugated π-electrons in the polymeric backbone produces conductivity in these polymers. Among conducting polymers, Polyaniline (PANI), Polypyrrole (PPy) and Polythiophene (PTh) were found to be widely used since there were thermally stable till 250°C, ease synthesis and use of less toxic solvents during the synthesis. Polyaniline (PANI) is the cheapest, eco-friendly, good conductor of electricity widely used in chemical sensors, biomedical science, batteries, electromagnetic interference, corrosion devices, solar cells and many more [13] [14] [15] [16] . Addition of substituent into polymers causes a finite change in its chemical, physical properties, thermal properties and its ability to reverse from insulating material to conducting material.
Apart from the addition of substituent, doping of metal oxide also causes a measurable change in the structural property of the material, thereby causing a change in its optical and electrical properties etc. Such finite changes affect the thermal conductivity of the material. One of the important applications of the conducting polymers is its ability to act as an anticorrosive agent against metals 17 . The catalytic property of polyaniline forms a protective passive layer over the metal surface and enhances its anticorrosive property. The disadvantage of using polyaniline (PANI) is its poor solubility and lower conductivity. Polyaniline (PANI) along with substituents (−CH3, −OCH3 and −OC2O5) results in better solubility, processability and conductivity nature 18 . The electrochemical performances of the substituted polyaniline were estimated by cyclic voltammetry (CV), galvanostatic charging-discharging and electrochemical impedance spectroscopy (EIS) techniques. In particular addition of methoxy group (−OCH3) in the polyaniline increases the specific capacitance of the material. This unusual superior conductivity property was due to the higher surface area, stable electrochemical properties and excellent redox properties 19, 20 . The effect of substituents on the conductivity of polyaniline in the fabrication of supercapacitors was studied by Basnayaka et al. and it is found that the methoxy substituted polyaniline can be used in supercapacitors 21 In the present investigation, the electrochemical conductivity studies of Zinc oxide/ Poly (p-anisidine) (ZPPA) nanocomposite, Magnesium doped ZnO/Poly (p-anisidine) (MZPPA) and Pure Zinc Oxide were performed. The synthesized polymers and composite blends were characterized using spectral studies. The surface morphological nature, crystallographic properties and functional group present in the polymer and the composites were analyzed using SEM, EDS, XRD and FTIR techniques. The optical studies and electrochemical conductivity studies also conducted in an attempt to verify the use of the nanocomposites for various applications. Only very few attempts have been made by the researchers on the synthesis and conducting study of poly p anisidine.
Characterization methods
The functional groups present in the polymer and composite blends are analyzed using X-ray Diffraction studies (XRD) and Fourier Transform Infrared Spectroscopy (FTIR), surface morphological nature of the synthesized materials are analyzed using Scanning Electron Microscopy (SEM). The absorption spectra of the nanoparticle and nanocomposites are recorded by using Ultraviolet Visible spectroscopy (UV-Vis). The elemental composition of polymer nanocomposite is analyzed by EDS spectrum. The electrochemical conductivity studies are analyzed using four probe DC electrical conductivity instrument. The thermal stability of the polymer and polymeric composite blends are analyzed using TGA studies through SDT Q600 V20.9.
Results and Discussion

FTIR Characterization
The FTIR characterization spectra of the PPA conducting polymer, ZnO nanoparticles, ZPPA and MZPPA polymeric blends are shown in Figure 1 . The characteristic peaks at 3236 cm -1 attributed to the N-H stretching frequency of the secondary amine. The aromatic and aliphatic C-H stretching frequency corresponds to the vibration peaks at 2924 cm -1 and 2850 cm -1, respectively. The two peaks observed at 1490 and 1545 cm -1 corresponds to the benzenoid and quinoid groups 25 . Other peaks observed at 1210, 1132 and 910 cm -1 were due to the 1, 2, 4-trisubstituted benzene rings. All these observations correspond to the Poly (p-Anisidine) conducting polymer.
The FTIR spectrum ( Figure 1 ) of ZnO nanoparticle shows a broader peak at 3445 cm -1 and 1630 cm -1 due to the free hydroxyl groups, O-H stretching and bending frequencies. The sharp narrow peak at 600 cm -1 corresponds to the Zn-O stretching mode of metal oxide bond. The peaks at 2600 cm -1 correspond to the intermolecular bonding of zinc and oxygen atoms which results in the formation of zinc oxide. All the peaks observed in the ZnO FTIR spectrum except hydroxyl peak were sharp and intense, which suggests that the formed ZnO were crystalline nature. The peak at 1400cm -1 -1450cm -1 in MZPPA corresponds to Mg-O stretching vibrations 26 . With the addition of nanoparticles of Zinc oxide and Magnesium doped Zinc oxide onto PPA polymer shows a significant change in the vibrational and stretching peaks of the polymer. There exists a finite change in the peak shift with respect to the addition of zinc oxide and magnesium doped zinc oxide. 
XRD Characterization
The XRD image of the polymer PPA, ZnO nanoparticle, ZPPA and MZPPA polymer nanocomposites are represented in Figure. 2. The XRD image of the semiconductor material ZnO shows hexagonal wurtzite structure. The 2θ peaks in Figure. Figure. 3 shows the UV-vis absorption spectra of the nanoparticle ZnO, polymer PPA and polymer nanocomposites ZPPA and MZPPA. The results of UV-Vis spectra show a small peak at ̴ 260nm which is attributed to p-anisidine and broad absorption peak above 520 nm corresponds to the substituted aniline. The broad absorption peak at ̴ 310-320 nm in PPA, ZPPA and MZPPA could be ascribed due to π-π* transition of benzenoid ring present in the polymer 27 . The existence of an absorption broad band above 400 nm corresponds polaron -π* transition in the case of PPA, ZPPA and MZPPA. The weak broader band above 500 nm in PPA, ZPPA & MZPPA is believed to be due to n-π* transitions in the quinoid structure of the polymer 28 . Appearance of absorption bands above 300 nm and broader region above 500 nm justifying characteristic basic skeleton of the polymeric chain in emeraldine form. It is also observed that the doping of Mg with PPA shifted the broad absorption spectrum to lower wavelength 29 . Apart from those UV spectra of polymer and composites, ZnO exhibited a band at 350 nm and an excitonic peak appeared at 260 nm which evident the presence of ZnO as nanoparticles which is present below the band gap of 3.46 eV. The nanoparticles are present in monodispersive nature. Figure 4A corresponds to the SEM image of PPA polymer which shows agglomeration of particles with non-uniform morphology. Irregular pores are observed onto the surface of the conducting PPA polymer. Addition of nanoparticle onto the polymeric matrix shows spherical shape of polymer nanocomposite and the nanoparticles are impregnated in the polymeric chains which is shown in Figure 4B & 4C. In Figure 4C , the dispersed particles are almost uniform and the two distinct phases exists, the bright phase may contribute the ZnO existence and the dark phase may be that of polymer interconnected with chain pattern. Nonuniform deposition of nanoparticles into the pores present on the polymer resulted in the enhanced conductivity nature of the polymeric composite blends.
UV-Vis Characterization
SEM Analysis
The SEM image of ZnO nanoparticles shows hexagonal shaped particles with porous nature is shown in Figure  4D . The pores present on the surface of the nanoparticles are not of same size. The average size of the nanoparticles is found to be 110 nm respectively.
EDS Characterization
The elemental analysis of EDS spectra clearly depicts the presence of Mg and Zn which confirms the formation of magnesium doped polymer composite MZPPA . Figure 6 shows the TGA thermogram of the polymer PPA and polymer nanocomposites ZPPA and MZPPA. The thermal degradation takes place at two stages. The first stage of degradation occurs at 30 to 100˚C due to the expulsion and removal of water molecules present in the polymeric matrix and the second stage of decomposition takes place at 300 to 900˚C due to the degradation and decomposition of dopant along with the conducting polymeric chain 30 . The weight loss of all three synthesized polymeric materials showed finitedifference in the thermogram, suggesting that the thermal degradation of the pure, as well as doped polymer, takes place with a similar pattern. The doped polymeric material shows some slight decrease in the weight loss when compared with the pure polymer depicting that the nanocomposite polymeric material shows higher stability when compared with that of pure polymer.
Conductivity studies
The conductivity studies of ZnO, Poly (p-anisidine) (PPA) conducting polymer, zinc doped PPA polymeric blend (ZPPA) and Magnesium doped zinc oxide PPA polymeric blend (MZPPA) with respect to temperature is shown in Figure. 7. There is a slow and steady increase in the electrical conductivity with increase in temperature. The difference in the electrical conductivity of the PPA, ZPPA and MZPPA conducting polymer mainly depends on the thermal energy. With increase in temperature, the conductivity slowly increases for all four conducting polymeric materials. The polymer nanocomposite ZPPA is observed to show enhanced conductivity than PPA, ZnO & MZPPA. The presence of lone pair of electrons in PPA contributes to the conducting nature of the polymer, further the doping of ZnO into the PPA polymeric network improved its conductivity and this is due to the increasing efficiency of charge transfer between the polymer PPA and ZnO dopant with the raise of temperature 31 . The conductivity of MZPPA decreases when the temperature reaches above 430K may be due to increasing temperature increases the agglomeration of composites which results in decreasing the conductivity of lone pair of electrons in the polymeric network. . The Arrhenius plot of dc conductivity with respect to variation in temperature is shown in Figure 8 . With the addition of dopant Zinc oxide and magnesium doped zinc oxide onto the PPA polymer which results due to change in atomic defect and electrical activity at the grain boundary. The shallow nature with deep donor atoms present in the semiconductor material doped conducting polymer shows decrease in the bandgap edge of the semiconductor material. This result in the increased electrical conductance of the material as the temperature is increased.
Conclusion
ZnO, Poly(P-Anisidine) (PPA) conducting polymer, ZPPA and MZPPA polymeric composite blends are prepared using oxidative polymerization using ammonium persulphate (APS). The surface morphological and structural assessment justified the formation of polymeric composite blends. The XRD images confirm the formation of Zinc oxide with sharp peaks and addition of PPA polymer resulted in the broad peaks. The UV studies show an absorption band above 520 nm corresponding to the substituted polyanilne. Increase in electrical conductance with increase in temperature is observed. Temperature plays a pivotal role in increasing the thermal conductance of the polymeric composite material. Upon comparison, ZPPA polymeric composite blend shows enhanced electrical conductance due to the presence of lone pair of electrons present both in the amine functional group of the polymer.
Experimental
Materials required p-anisidine
(CH3OC6H4NH2, Sigma-Aldrich, Germany); Ammonium persulphate (APS) (NH)4)2S2O8, Merck, India); Hydrochloric acid (HCl, 37%, Loba chemicals, India), Zinc nitrate hexahydrate (Zn(NO3)2.6H2O), Sodium hydroxide (NaOH), Millipore water are purchased and used as such for experiments.
Preparation of Zn1-x Mg xO nanoparticles
To prepare pure ZnO, the following steps were involved. 1M of (Zn(NO3)2.6H2O) was added in 100 ml distilled water in a beaker which forms Solution-A. 2M of 100 ml NaOH solution was added drop-wise to solution-A under vigorous stirring until the pH is 12.
The stirring action was continued for almost 12 hours.
During the preparation of nanoparticles, pH of the solution is maintained at 12 because this pH seems to be the optimum value for the formation of ZnO particles. The formed precipitate was then filtered and washed with distilled water, ethanol, dried in an oven at 100 º C for 2hrs. The dried precipitates were collected and ground in an agate mortar. The collected nanopowder was annealed at 500⁰C for two hours, followed by stepwise cooling. A similar procedure was followed to prepare Zn0.94Mg0.06O (Mg-doped ZnO) using stoichiometric ratios of starting precursors.
Synthesis of Poly (p-Anisidine) (PPA)
Synthesis of PPA conducting polymer was synthesized by the chemical oxidative polymerization technique. About 0.2 M of p-anisidine was slowly added into 300 ml of 1 M HCl aqueous solution until completely dissolves. The solution is cooled to 0˚C. To the solution slowly added 0.2 M ammonium persulphate in 200 ml of 1 M HCl and kept under stirring for 24 hours. Formation of dark green precipitated polymer confirms the end of the polymerization. The obtained polymer was filtered and stirred with 1 M NH4OH for 2 hours and the product was washed with deionized water and finally washed with ethanol to remove the unreacted monomer and dried at 100˚C for 6 h. For the synthesis of zinc doped polymer nanocomposite (ZPPA) and magnesium doped zinc oxide polymer nanocomposite (MZPPA) the similar procedure is followed by adding 10 mg of the zinc oxide and magnesium doped zinc oxide separately before the addition of ammonium persulphate solution into the panisidine monomer which is represented in Figure 9 .
